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RESUMO 
O objetivo neste estudo foi avaliar a resistência da união ao cisalhamento de 
cimentos resinosos fotoativados através de diferentes espessuras de cerâmica e o 
modo de fratura. Foram utilizados os cimentos resinosos RelyX U200 (3M ESPE) 
e Variolink II (Ivoclar-Vivadent). Sessenta discos de cerâmica IPS Empress 
Esthetic (Ivoclar-Vivadent) com 12mm de diâmetro foram separados em grupos 
(n=10) segundo a espessura (0,7; 1,4 e 2,0mm).  A superfície dos discos foi 
condicionada com ácido hidrofluorídrico a 10% por 60s, lavada e seca com jato de 
ar por 60s. A seguir foi feita aplicação de agente silano por 60s. Uma matriz de 
elastômero com forma de disco com 15mm de diâmetro e 0,5mm de espessura 
com quatro orifícios de 1,5mm de diâmetro foi usada para delimitar a área de 
adesão na cerâmica. A manipulação dos cimentos resinosos foi de acordo com as 
instruções dos fabricantes, o material inserido nos orifícios da matriz, recoberto 
com tira de poliéster e lâmina de microscópio com pressão digital. A fotoativação 
foi realizada através do disco de cerâmica com Ultra Lume LED 5 (Ultradent) com 
potência de 1200 mW/cm² por 60s. Após armazenagem por 24h em água 
destilada a 37ºC, os corpos-de-prova foram avaliados com lupa estereoscópica 
para descartar aqueles com imperfeições. O teste de resistência ao cisalhamento 
foi conduzido em máquina de Ensaio Universal Instron (Canton, MA, USA), com 
velocidade de 1 mm/min e com célula de carga de 50Kg até fratura e os valores de 
resistência da união calculados em MPa. O modo de fratura foi analisado com lupa 
estereoscópica (LABOMED, Barueri, SP), com aumento de 10 vezes. Os 
resultados foram submetidos à análise de variância de dois fatores e teste de 
Tukey (5%). Os modos de fratura foram considerados em função da 
predominância das falhas sendo a falha coesiva em cerâmica a que prevaleceu. 
Os resultados mostraram que a interação entre os fatores espessura da cerâmica 
e cimento, e o fator espessura não foram significantes (p=0,541 e p=0,643, 
respectivamente), enquanto o fator cimento foi significativo (p=0,009). Pode-se 
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concluir que o cimento Variolink II apresentou resistência de união 
significantemente maior que a do cimento RelyX U200.  
 
Palavras chave: Cimentos de resina, resistência ao cisalhamento, cerâmica.  
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ABSTRACT 
The aim of this study was to evaluate the bond shear strength of resin cements 
photoactivated through different thicknesses of ceramics and the failure mode. 
RelyX U200 (3M ESPE) and Variolink II (Ivoclar Vivadent) resin cements were 
used. Sixty ceramic discs of Esthetic IPS Empress (Ivoclar-Vivadent) with 12mm 
diameter were divided into groups (n=10) according to their thickness (0.7; 1.4 and 
2.0mm). The grounded surface was etched with 10% hydrofluoric acid for 60 
seconds, rinsed and dried with compressed air for 60s. The following silane 
application was made for 60s. An elastomeric matrix having 15mm in diameter and 
0.5mm in thickness with four holes (1.5mm in diameter) was used to define the 
adhesion area in the ceramic. The manipulation of the resin cements was carried 
out according to the manufacturers’ instructions and inserted into the holes of the 
elastomer matrix, covered with plastic strip and finger pressed with a microscope 
slide. Light curing through ceramic was Ultra Lume LED 5 (Ultradent) with power 
1200mW/cm² for 60s. After storage for 24h in distilled water at 37ºC, all resin 
cylinders were checked under magnification. The shear strength test was 
conducted in a Instron Universal Testing Machine, at cross-head speed of 
1mm/min with load of 50Kg until fracture. The bond strength values were 
calculated (MPa). The fracture mode was analyzed using stereoscopic lens 10x 
(LABOMED, Barueri, SP). The results were submitted to two-way ANOVA and the 
means compared by Tukey’s test (5%). Cohesive failure mode within ceramic was 
predominant. The results showed that the interaction between the factors and 
cement thickness, and the thickness factor were not statistically significant 
(p=0.541 and p=0.643, respectively). The cement factor was significant (p=0.009). 
In conclusion, the Variolink II showed significantly higher bond strength value than 
the RelyX U200 cement. 
Keywords: Resin cement, shear strength, ceramic. 
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INTRODUÇÃO 
 
Durante a prática da clínica odontológica restauradora encontramos 
com frequência novas técnicas e materiais que melhoram os procedimentos 
convencionais proporcionando melhores resultados funcionais e estéticos. 
Restaurações indiretas totalmente cerâmicas são cada vez mais comuns na 
Odontologia restauradora devido às melhores propriedades estéticas e mecânicas 
e maior longevidade clínica (Moraes, 2008; Radovic et al., 2008). O sucesso 
clínico dos procedimentos restauradores indiretos depende em parte da técnica de 
cimentação utilizada para estabelecer a união entre a restauração e o dente. O 
conhecimento do comportamento frente à diversidade de composição dos 
sistemas cerâmicos, atenuação da luz durante o processo de fotoativação, 
tratamentos de superfície, interação com os agentes de cimentação, bem como 
seu comportamento frente aos estudos clínicos e laboratoriais, são fatores 
dominantes dentro das investigações científicas na atualidade (Valentino, 2010).  
Os cimentos resinosos são essencialmente resinas compostas fluidas 
de baixa viscosidade (Anusavice, 2005), compostos de uma matriz orgânica de 
monômeros resinosos como bis-GMA (Bisfenol A-metracrilato de glicidila), UDMA 
(uretano dimetacrilato) ou TEGDMA (trietileno glicol dimetacrilato), e uma carga 
inorgânica que é composta de partículas de carga silanizadas comumente de vidro 
ou sílica. De maneira geral, os cimentos resinosos foram introduzidos no mercado 
com o objetivo de solucionar as falhas de seus antecessores, pois esses materiais 
possuem propriedades mecânicas e físicas superiores (Attar; Tam; McComb, 
2003).  
Os cimentos resinosos podem ser classificados em três categorias de 
acordo com o método de polimerização: ativados quimicamente, sendo utilizados 
para fixação de restaurações metálicas; fotoativados, empregados na fixação de 
laminados de cerâmica; e, de dupla ativação, que são utilizados para fixação de 
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restaurações inlay e onlay, restaurações de resina composta indireta e coroas de 
cerâmica (el-Mowafy et al., 1999). Os cimentos de cura dual (química e física) 
proporcionam melhor controle durante o procedimento de cimentação permitindo a 
cura em áreas que a luz ativadora não pode atingir (Lee et al., 2008). Por outro 
lado os em relação aos cimentos de ativação dual, embora apresentem as duas 
formas de polimerização (química e física), elas são suplementares e 
independentes. Assim se a exposição à luz não é suficiente, a ativação química 
não poderá ativar a porção fotossensível do cimento e a cura máxima pode ser 
comprometida (Pedreira et al., 2009). 
 
Os cimentos autoadesivos são materiais híbridos que combinam 
características das resinas compostas, adesivos autocondicionantes e cimentos 
dentários. Alguns cimentos possuem em suas formulações monômeros como o 4-
META (4-metacriloxietiltrimelitato anidro), HEMA (hidroxietilmetacrilato), 10-MDP 
(10-metacriloxidecildihidrogenofosfato) e PMMA (polimetilmetacrilato), que são 
responsáveis pela adesão química entre as estruturas dentarias e as ligas 
metálicas (Ferracane et al., 2011). A incorporação de metacrilatos ácido-funcionais 
ou monômeros relacionados é de suma importância porque a adesão química com 
as estruturas dentárias requer de uma matriz de poliácidos, seja um poli-
alquenoato pré-formado ou um criado in situ durante o processo de cura que 
envolve monômeros ácidos (Ferracane et al., 2011).  
Os altos valores de resistência de adesão estão relacionados com a 
maior taxa de polimerização. Inadequada polimerização estaria associada às 
menores propriedades mecânicas, aumento da sorção de água e solubilidade e 
instabilidade da cor (Danesh, 2004, Lopes, 2004). A polimerização dos cimentos 
resinosos está relacionada com o sucesso das restaurações indiretas uma vez 
que a resistência de união entre a cerâmica e cimento, e entre o cimento e 
esmalte e/ou dentina será dependente da obtenção de polimerização adequada do 
cimento resinoso. 
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Devido à inerente característica friável da cerâmica dental, a 
cimentação adesiva tem sido utilizada para melhorar a resistência à fratura 
proporcionada pela penetração do adesivo nas irregularidades da superfície 
interna, minimizando a propagação de trincas e permitindo maior eficiência na 
transferência de tensões da restauração para o dente (Fleming, 2006).  
 A polimerização dos cimentos pode ser influenciada por vários fatores, 
entre os quais podemos citar a composição, espessura opacidade e a cor do 
material cerâmico, que podem atenuar a passagem de luz, e consequentemente 
diminuir a porcentagem de polimerização do cimento (El-Mowafy & Rubro, 2000; 
Lee et al., 2008; Borges et al., 2008; Valentino et al., 2010) 
O interesse particular é como a espessura do disco de cerâmica afeta a 
penetração da luz, durante a cura. A dureza superficial dos cimentos duais é 
diminuída com a fotoativação através de discos de cerâmica. Foi mostrado que o 
grau de conversão em espessura de ceramica maiores que dois milimetros foi 
drasticamente reduzido (DeWald & Ferracane, 1987).  
A ceramica utilizada neste estudo, Empress Esthetic é uma cerâmica 
vítrea reforçada por cristais de leucita (35-55%); os quais apresentam uma 
microestrutura mais homogênea que seus predecessores: IPS Empress e IPS 
Empress 2. Os cristais de leucita são distribuídos de forma mais uniforme e 
apresentam uma maior densidade. O tamanho de grão é menor, e isto resulta em 
melhores propriedades do material, bem como a estética elevada (Buhler-Zemp, 
2004). Está indicada para Inlays/onlays, facetas, coroas anteriores e posteriores e 
restaurações individuais implanto suportadas (anteriores e posteriores), (Ivoclar 
Vivadent, 2006) 
No sistema IPS Empress Esthetic a cerâmica é injetada num molde de 
revestimento, obtido pela tecnica da cera perdida, sob alta temperatura e pressão 
(1150 – 1189ºC). Este sistema simplificou o problema de contração durante a 
queima da cerâmica, comum nas cerâmicas feldespáticas, devido à alta pressão 
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de injeção da cerâmica no molde em alta temperatura (Dong et al., 1992). Assim a 
variação dimensional ocorre durante o esfriamento que pode ser controlada por 
adequada expansão do revestimento. Esta cerâmica apresenta resistência à 
flexão de 97 a 180 MPa (Seghi & Sorensen, 1995).  
Os testes mecânicos laboratoriais, geralmente se fundamentam na 
aplicação de forças de deslocamento sobre a união, na tentativa de simular os 
mesmos esforços sofridos pela restauração durante sua função no meio bucal. As 
forças e tensões exercidas sobre os dentes e restaurações na clínica são de 
natureza complexa, portanto nenhum teste simula adequadamente as forças 
intrabucais (Retief, 1991). Em 2001, Sinhoreti et al., afirmou que o teste de 
cisalhamento com cinzel preconizado pela ISO (norma TR 11405), apresenta um 
complexo de esforços mecânicos como clivagem, tração e compressão na área de 
união e não apenas o esforço de cisalhamento. Uma analise de elemento finito em  
um plano tridimensional há uma grande concentração de tensões na interface 
próxima à área de aplicação de força. O uso de fio ortodôntico é recomendado, ao 
invés do cinzel, visto que reduz a concentração de tensões próximas à interface. 
(DeHoff, Anusavice Wang, 1995). Embora sujeitos a críticas, o teste de 
cisalhamento são os mais comumente empregados para a avaliação da 
resistência adesiva de materiais (Al-Salehi; Burke, 1997), provavelmente pela 
simplicidade do método e facilidade de adequação aos diferentes equipamentos 
disponíveis nos laboratórios (Braga et al., 2010) 
Baseado nestas considerações, a durabilidade de uma restauração 
cerâmica depende dentre outros fatores, do grau de conversão do agente de 
cimentação e a interação deste com os substratos. Assim a avaliação da 
atenuação de luz através da cerâmica vítrea reforçada por leucita em diferentes 
tipos de cimentos resinosos se apresenta como uma tentativa de melhorar a 
durabilidade das restaurações cerâmicas, servindo de base para estudos 
longitudinais e buscando predizer o comportamento clínico das restaurações. 
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CAPITULO 1 
 
MICRO-SHEAR BOND STRENGTH OF RESIN CEMENTS 
PHOTOACTIVATED THROUGH DIFFERENT CERAMIC THICKNESS 
 
ABSTRACT 
The aim of this study was to evaluate the micro-shear bond strength and mode of 
failure of two resin based cements, dual or self-adhesive, photoactivated through 
different ceramic thicknesses. Sixty discs with a diameter of 12mm were 
constructed with IPS Empress Esthetic ceramic, and divided into three groups 
according to their thickness (0.7; 1.4 and 2.0mm). The surface was treated with 
10% hydrofluoric acid for 60 seconds, air-jet rinsed and dried for 60 seconds, and 
cleaned in an ultrasonic bath with distilled water for 10 minutes. The insertion of 
the Variolink II and RelyX U200 resin cements on the ceramic was carried out 
using elastomer matrix with four holes of 1.5mm in diameter, positioned on the 
etched surface of the disc. A device equipped with a LED lamp was used to make 
the photoactivation was carried out through the ceramic disc for 60 seconds. The 
samples were water stored at 37°C for 24h in a closed container kept away from 
light. After storage, a micro-shear bond strength test was performed with a 
crosshead-speed of 1 mm/min with load of 50Kg until fracture and bond strength 
values were calculated in MPa. To analyze the mode of fracture, the samples were 
evaluated with a stereomicroscope at 10 times magnification. The results were 
analyzed using two-way ANOVA and the means compared with Tukey’s post-hoc 
test (p< 0.05). The results showed that for each resin based cement, the thickness 
factor was not statistically significant (p=0.541 and p=0.643, respectively). Variolink 
II cement showed significantly higher bond strength than RelyX U200 (p = 0.009) 
for all ceramic thickness levels. 
Key Words: Resin cement, micro-shear, ceramic, fracture mode. 
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1. Introduction  
Improvements in adhesive luting systems and ceramic materials have 
resulted in more conservative tooth preparation procedures for the retention of 
indirect restorations. The need for more aesthetic materials promoted faster 
development of dental materials, especially for the adhesion to tooth structure. All-
ceramic indirect restorations are increasingly common in restorative dentistry 
because of better aesthetic and mechanical properties and improved clinical 
performance [1-4]. Knowledge of behavior concerning composition diversity of 
ceramic systems, light attenuation during the curing process, surface treatments, 
interaction with cementing agents and their behavior in relation to clinical and 
laboratory studies, are dominant areas in research today [5].  
Dual-curing resin based cements were developed in order to conciliate 
the favorable characteristics of self- and light-activated cements. These allow 
effective control of working time and the possibility to reach an appropriate degree 
of conversion, even in the absence of light [8,9]. However, higher bond strength 
values of resin-based cements are relating to higher polymerization rates. 
Unsuitable polymerization has been associated with lower mechanical properties, 
increased water absorption, consequent solubility and instability in color [7]. 
Self-adhesive resin cements, are hybrid materials that combine the 
characteristics of the composites, were developed to ease handling, reduce 
working time and increase bond strength. According to manufacturers, these 
cements do not require pretreatment and their application is accomplished using a 
single clinical step [30]. The incorporation of acid-functional, as methacrylates or 
related monomers, in these cements is very important because the chemical bond 
with the dental structures requires that the polyacid matrix be composed by a poly-
alquenolate preformed or created in situ during the polymerization process that 
involves acrylate monomers [6]. Similar to self-etching adhesives, self-adhesive 
resin cements have a low pH when in contact with water and humidity of the tooth. 
7 
 
This low pH etches the dentin and enamel. The acid groups appear to 
bind with calcium hydroxyapatite to form a stable connection between the 
methacrylate network and tooth. The sodium, silicate, calcium and fluoride ions 
released by the acid-soluble alkaline particles loads neutralize the remaining acid 
groups by increasing the pH from 1 to 6. The water which is formed in the 
neutralization process contributes to the initial hydrophilic characteristic to the 
cement, which promotes a better adaption to tooth structure and moisture 
tolerance. Subsequently the water is reused by reaction with the functional acids 
groups and during the cement reaction with the ions released of the alkaline fillers. 
Thus the reaction promotes an intelligent switching with a hydrophobic matrix, low 
solubility, low expansion and stability over time. Thereby, the resin-based cement 
can adhere to the tooth structure without the requirement of a single adhesive or 
etchant. The use of this type of cement is increasing; therefore, better knowledge 
of its properties and comparison with similar materials are necessary. 
The aim of this study was to evaluate the micro-shear bond strength and 
mode of failure of dual and self-adhesive resin-based cements photoactivated 
through different ceramic thicknesses. Evaluating the bond strength of self-
adhesive resin cement of dual activation compared with conventional dual-curing 
resin cement. The work hypotheses would be that (1) the photoactivation through 
different ceramic thicknesses decreases the ceramic-resin interface bond strength, 
and (2) No difference exists between conventional dual and self-adhesive cements. 
 
2. Materials and methods 
2.1 Materials  
The materials used in this study are shown in the Table 1. 
Table 1. Materials used in the study.* 
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Material  Manufacturer  Batch Composition 
IPS 
Empress 
Esthetic 
 Ivoclar 
Vivadent AG    
Schaan / 
Liechtenstein 
 
         
P66048 
Main component: SiO₂, NaO, K₂O, 
Ca₂O, Al2₂O₃, pigments, 
Polypropylene glycol.  
Build-up liquid: Distilled water / 
butylene glycol, Zinc chloride 
Variolink II  Ivoclar 
Vivadent AG  
Schaan / 
Liechtenstein 
         
S09019 
Dimethacrylates, (Bis- GMA, 
UDMA, TGDMA); Inorganic fillers 
(silica, barium glass, Ytterbium 
Trifluoride); Catalysts and 
Stabilizers and pigments. 
 
RelyX U200 
 
3M ESPE  
St. Paul, MN. 
USA 
 
         
522448 
Base paste: Methacrylate 
monomers containing phosphoric 
acid groups, methacrylate 
monomers, silanated fillers, initiator 
components, stabilizers, rheological 
additives. Catalyst paste: 
Methacrylate monomers, alkaline 
(basic) fillers, silanated fillers, 
initiator components, stabilizers, 
pigments, rheological additives 
Porcelain 
conditioner  
Dentsply 
Petrópolis RJ 
Brasil 
 
799776F 
Hydrofuoridric acid, water, 
thickening agent, pigment 
Relyx 
Ceramic 
Primer* 
3M ESPE  
St. Paul, MN. 
USA 
 
N492664 
Ethyl alcohol, water, 
methacryloxypropyl 
trimethoxysilane 
*according to the manufactures’ information 
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2.2 Bonding Substrate 
Sixty ceramic discs from IPS-Empress Esthetic (Ivoclar Vivadent-), with 
12 mm in diameter were prepared according to the manufacturers’ 
recommendation (lost wax method) and divided into two groups according to the 
resin cement type (RelyX U200 and Variolink II). Each group was divided into three 
subgroups (n = 10) according to the ceramic thickness (0.7, 1.4 and 2.0mm). Then 
one of the disk surfaces were wet-ground with 180-, 220-, 400-, 600-, and 1200- 
grit SiC abrasive papers (Norton, Sao Paulo, SP) in mechanical polishing 
(AROPOL 2V, Arotec, Cotia, SP).  All ceramic disks were then cleaned 
ultrasonically (Odontobras) in distilled water for tem minutes. 
 
2.3 Specimen preparation 
Ceramic surface were etched with 10% hydrofluoric acid (Dentsply, 
Petropolis, RJ) for 60 seconds, washed with tap water for the same time, 
ultrasonically cleaned in a water bath for ten minutes, and air-dried. A RelyX 
Ceramic Primer (3M ESPE, St. Paul, USA) silane layer was applied with soft 
friction for 60 seconds. Then, an elastomer matrix (Speedex; Vigodent Coltene, Rio 
de Janeiro, RJ, Brazil) of 15 mm in diameter and 0.5 mm in thickness containing 
four holes of 1.5 mm diameter was placed on the etched surface of the ceramic 
disk (Figure 1). 
 
Figure 1. Schematic drawing of the device used for resin cement curing through the ceramic disc. 
Ceramic disc 
Curing unit 
Elastomer mould 
r ic isk 
Polyester strip 
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The resin cement manipulation was carried out according to the 
manufacturer’s instructions, and the material insertion in the matrix holes was 
made by a single increment with a dental explorer (Duflex; SS White, Saint Kitts, 
RJ). After filling the holes with cement resin, a transparent polyester strip (KG 
Sorensen, Barueri, SP) was placed on the elastomer matrix and pressed manually 
using a microscope slide to remove resin excesses. 
Next, the resin cement was photoactivated for 60 seconds with incident 
light through the ceramic disc emitted by a LED Ultra Lume device (LED 5; 
Ultradent, South Jordan, UT, USA) with power of 1200 mW/cm². During the 
phtoactivation procedure, the LED tip remained in direct contact with the ceramic 
disc. 
After removal of the elastomer mold, the samples were stored in distilled 
water at 37ºC in an oven (Odontobras, Ribeirao Preto, SP) for 24 hours, and 
afterward microscopically checked under magnification of 2.5x (Labomed, Barueri, 
SP). Those samples showing flaws, irregularities or bonding defects were 
eliminated. In such cases, other samples were prepared in the same conditions 
previously described. 
 
2.4 Test 
Each ceramic disk containing the resin cement samples was embedded 
in epoxy resin in a PVC rigid tube of 20mm in diameter and 2cm in height so that 
the cement samples are exposed. The PVC tube was adapted to a metal device 
fixed in the upper mordant of a universal testing machine (Instron; Canton, MA, 
USA). A steel wire (0.2 mm in diameter) was looped around the cylinder, and close 
aligned to bonding interface.  
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The bond strength test was conducted in a universal testing machine at 
a crosshead speed of 1 mm/min until failure. Similar procedure was repeated for 
each sample contained in the same ceramic disk. Bond strength values were 
calculated in MPa. Ten samples were tested for each group, and the average value 
was recorded as the bond strength of the group. 
 
2.3 Failure mode 
The fractured samples were evaluated with a stereomicroscope 
(LABOMED) at 10x magnification. The failure mode were classified as adhesive 
failure (mode 1), cohesive failure in ceramic (mode 2), cohesive failure in cement 
(mode 3) or mixed failure involving ceramic and cement (mode 4). During test, 
some sample disks fractured preventing the failure analysis (FS)(table 3). 
 
3. Results  
The strength data were evaluated for normality and normal distribution 
using the Kolmogorov-Smirnovv’s test. Two-way ANOVA was performed (cement 
and ceramic thickness) and means were compared by Tukey’s test at 5% 
significance level.The results showed that the interaction between ceramic 
thickness and resin cement, and ceramic thickness factor were not significant (p= 
0.541 and p= 0.643, respectively). The cement factor was significant (p = 0.009). 
Variolink II cement showed significantly higher resistance than the RelyX U200 
cement (Table 3). 
 
 
Table 2. Micro-shear bond strength mean for the photo-activated cement using 
different ceramic thickness. 
 
Thickness  Variolink II  RelyX U200 
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 Mean  ± SD Mean      ± SD 
0.7mm  28.6 ± 8.0 a, A 26.7    ± 2.7 a, B 
1.4mm  31.3 ± 7.1 a, A 26.9  ± 5.9 a, B 
2.0mm  32.4 ± 6.8 a, A 26.2  ± 2.3 a, B 
Identical lowercase letters in each column do not differ and distinct capital letters in each row are 
different by Tukey’s test (p <0.05). 
 
For failure mode analysis each sample was four specimens, totaling 
forty specimens per group (Table 3). There was absence of cement cohesive 
failure in cement and mixed failures (3 and 4 modes): however, there was higher 
rate of cohesive failures in ceramic (75% = RelyX U200 and 83.33% = Variolink II).  
Adhesive and failures samples (FS) levels were 8.3% and 16.7%, respectively for 
RelyX U200, and 7.5% and 9.17% respectively for Variolink II. 
 
 
Table 3 - Failure mode. 
  
RelyX U 200 Variolink II 
0.7mm 1.4mm 2.0mm Total  % 0.7mm 1.4mm 2.0mm Total % 
Mode 1 5 5 0 10 8.3 5 3 1 9 7.5 
Mode 2 27 23 40 90 75 30 32 38 100 83.33 
Mode 3 0 0 0 0 0 0 0 0 0 0 
Mode 4 0 0 0 0 0 0 0 0 0 0 
FS 8 12 0 20 16.7 5 5 1 11 9.17 
Total samples 40 40 40 120 
 
40 40 40 120 
 
Numbers of specimens and percentage evaluated by failure mode. Failure sample (FS) indicates 
impossibility of evaluating  
 
4. Discussion  
A suitable intensity of incident light is the major characteristic for an 
appropriate curing for photoactivated composites. Therefore, the light attenuation 
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by the interposition of a ceramic restoration is one factor that causes a negative 
effect on the polymerization degree of conversion, which can affect the 
performance of the mechanical and biological properties of the material [4-7]. It is 
accepted that the degree of double bond conversion is 50% to 70% with light and 
chemically polymerizing systems [37,40]. There are many factors that affect light 
transmission in indirect restorations such as porcelain thickness, exposure time 
and intensity of the light source [31].  
When comparing IPS Empress Esthetic with others pressed ceramic, the 
transmittance and the irradiance through this ceramic was always significantly 
higher. The amount of the light being absorbed, reflected and transmitted depends 
in large part on the amount of crystals within the glassy matrix and the size of the 
particles compared with the incident light wavelength [35]. Thus, glass ceramics 
reinforced with leucite crystals present less amounts of grains - 35±5 vol% of 
leucite for IPS Empress in comparison to 70±5 vol% of lithium disilicate for IPS 
Empress 2 [34]. This explains the low level of attenuation of the IPS Empress 
Esthetic ceramic presented in this study, regardless of the thickness used (0.7; 1.4; 
2.0 mm). A study of various types of reinforced ceramic also suggests that the 
attenuation by the ceramic was not significant at 1.0 mm or less thickness [36]. 
Moreover, many researchers reported that by the hydrofluoric acid 
etching, the ceramic microstructure changes by dissolving the amorphous phase, 
producing an irregular and porous surface [22-24]. The increase of the area 
available for adhesion and consequent higher surface energy facilitates the 
penetration of the resin into the micro-irregularities of the ceramic surface [25]. 
Also chemical bonding is mediated by a silane coupling agent on silica-based 
ceramics or by directly established phosphate links to substrates [41]. These 
characteristics that allow strong micro-mechanical retention provided by the 
surface treatment with hydrofluoridric acid and silane coupling, give similar values 
of micro-shear bond strength between all groups.  However give low cohesive 
strength when compared to other pressed-reinforced ceramics [17, 36, 37]. Due to 
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the factors, low attenuation of light transmission from the ceramic and strong 
micro-mechanical retention produced by etching produced a high degree of 
polymerization can produce a large number of cohesive failures in the ceramic (fig. 
2-5). As shown in Table 4, the cohesive failures were predominant in both the 
groups.  
   
Fig. 2 and 3 - Variolink II sample fractures. 
   
Fig.4 and 5 - ReleyX U200 sample fractures. 
 
The results of this study show that the thickness of ceramic reinforced 
with leucite was not decisive to mitigate the curing of the resin cements. Therefore 
our first hypothesis was rejected. 
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The micro-shear test is useful to determine bond strength and is an 
important indirect way to verify the efficiency of luting agents [32]. Shear bond 
strength tests have been widely used, mainly because of their relative simplicity 
when compared to tensile bond strength tests, in which it is difficult to align the 
specimen in the testing machine without creating deleterious stress distribution. 
Many researchers claim that different resinous adhesives can present 
different adhesively levels due to different chemical formulations, amounts of 
chemical activator and types of photoinitiators, besides the addition to quantifying 
the overall composition of the adhesive, involving type and proportion of different 
monomers [11-13]. Another important factor is related to activation speed of the 
cement resin. Thus, the chemical activation is considered as a slow and gradual 
polymerization process, and the light activation results in faster initial curing 
[14,15]. 
Two cements used in this study are characterized by dual-activation 
(physics and chemistry). It has been claimed that the chemical activation would be 
responsible for compensatory action to increase the degree of conversion 
decreased by the light attenuation when passes across the ceramic during the 
activation process [7,14,16]. The dual-activation increases the degree of 
conversion and improves the physical properties of the resin cement [17]. 
Moreover, different chemical initiators (camphorquinone and amine peroxide) 
cause different activation levels in different places of the total composite volume. 
Thus, the deficient activation of these sites is not adequately compensated by the 
other type of activation, causing deficient polymerization and inadequate material 
properties [18].  
The results of the current study showed that the ceramic thickness was 
not a factor that affects the cement bond strength as previous expected. There was 
statistically significant difference between dual and self-adhesive cements. 
Variolink II cement showed significantly higher bond strength than the RelyX U200. 
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In general, when the adhesive resin cements were compared with conventional 
resin cements almost always showed lower bond strength.  Similarly, statistically 
significant difference in shear strength values between Variolink II (26.0 MPa) and 
RelyX Unicem (6.6 MPa) resin cements was reported in previous study [26]. 
because these evidences the second hypothesis is also rejected. 
 
5. Conclusions  
Based on the results statistically analyzed and discussed, the following 
conclusions can be drawn: 
1- Light curing through different ceramic thickness showed no significant 
effect on the microshear strength of resin cements; 
2- There was better adhesive performance of the dual-activation resin 
cement than the self-adhesive cement. 
 
6. References 
 
1. Moraes RR, Correr-Sobrinho L, Sinhoreti MA, Puppin-Rontani RM, Ogliari FA, Piva 
E. Light-activation of resin cement through ceramic: relationship between 
irradiance intensity and bond strength to dentin. J Biomed Mater Res B Appl 
Biomater. 200 (1):160-5. 
 
2. Soares CJ, da Silva NR, Fonseca RB. Influence of the feldspathic cerâmic 
thickness and shade on the microhardness of dual resin cement. Oper Dent 2006; 
31(3): 384-9. 
3. Tango RN, Sinhoreti MA, Correr AB, Correr-Sobrinho L, Henriques GE. Effect of 
light-curing method and cement activation mode on resin cement Knoop hardness. 
J Prosthodont. 2007;16(6):480-4.  
4. Dias MC, Piva E, de Moraes RR, Ambrosano GM, Sinhoreti MA, Correr-Sobrinho 
L. UV-Vis spectrophotometric analysis and light irradiance through hot-pressed and 
hot-pressed-veneered glass ceramics. Braz Dent J. 2008;19(3):197-203. 
 
17 
 
5. Valentino TA, Borges GA, Borges LH, Vishal J, Martins LR, Correr-Sobrinho L. 
Dual resin cement knoop hardness after different activation modes through dental 
ceramics. Braz Dent J. 2010;21(2):104-10. 
 
6. Ferracane JL, Stansbury JW, Burke FJ. Self-adhesive resin cements - chemistry, 
properties and clinical considerations. J Oral Rehabil. 2011 Apr;38(4):295-314. doi: 
10.1111/j.1365-2842.2010.02148.x. Epub 2010 Dec 6. 
 
7. Lee IB, An W, Chang J, Um CM. Influence of ceramic thickness and curing mode 
on the polymerization shrinkage kinetics of dual-cured resin cements. Dent Mater. 
2008; 24(8): 1141:7. 
 
8. Borges GA, Agarwal P, Miranzi BAS, Platt JA, Valentino TA, Santos PH. Influence 
of different ceramics on resin cements Knoop hardenss number. Oper Dent. 
2008;33(6):622:8.  
 
9. Braga RR, Cesar PF, Gonzaga CC. Mechanical properties of resin cements with 
different activation modes. J Oral Rehabil. 2002; 29(3):257-62. 
 
10. Pedreira APRV, Pegoraro LF, Góes MF, Pegoraro TA, Carvalho RM. 
Microhardness of resin cements in the intraradicular environment: effects of water 
storage and softening treatment. Dent Mater. 2009; 25(7): 868-76. 
 
11. Danesh G, Davis H, Reinhardt KJ, Ott K, Schäfer E. Polymerisation characteristics 
of resin composites polymerised with different curing units. J Dent. 2004; 32(6): 
479-88. 
 
12. Asmussen E.Factors affecting the quantity of remaining double bonds in restorative 
resin polymers. Scand J Dent Res. 1982; 90(6):490-6. 
 
13. Ferracane JL. Correlation between hardness and degree of conversion during the 
setting reaction of unfilled dental restorative resins. Dent Mater. 1985; 1(1):11-4. 
 
14. Barszczewska-Rybarek IM. Structure-property relationships in dimethacrylate 
networks based on Bis-GMA, UDMA and TEGDMA. Dent Mater. 2009; 25(9):1082-
9.  
 
15. El-Mowafy OM, Rubo MH. Influence of composite inlay/onlay thickness on 
hardening of dual-cured resin cements. J Can Dent Assoc. 2000; 66(3):147. 
18 
 
 
16. Soares CJ, Silva NR, Fonseca RB. Influence of the feldspathic cerâmic thickness 
and shade on the microhardness of dual resin cement. Oper Dent 2006; 31(3): 
384-9. 
 
17. Dias MC, Piva E, Moraes RR, Ambrosano GM, Sinhoreti MA, Correr-Sobrinho L. 
UV-Vis spectrophotometric analysis and light irradiance through hot-pressed and 
hot-pressed-veneered glass ceramics. Braz Dent J. 2008;19(3):197-203. 
 
18. Cesar PF, Braga RR, Miranda WG Jr, Romão W Jr. Accuracy of fit and 
microleakage in ceramic restorations. Pract Proced Aesthet Dent. 2005;17 (1):53-
4. 
 
19. Pedreira APRV, Pegoraro LF, Góes MF, Pegoraro TA, Carvalho RM. 
Microhardness of resin cements in the intraradicular environment: effects of water 
storage and softening treatment. Dent Mater. 2009; 25(7): 868-76. 
 
20. Völkel T. Variolink II – Scientific Documentation. 2005; Ivoclar Vivadent AG, 
Schaan, Liechtenstein. 
 
21. Borges GA, Sophr AM, Goes MF, Correr Sobrinho L, Chan DC. (2003). Effect of 
etchig and airborne particle abrasion on the microstructure of different dental 
ceramics. J Prosthet Dent. 2003; 89(5): 479-88. 
 
22. Kato H, Matsumura H, Tanaka T, Atsuta M. Bond strength and durabiity of 
porcelain bonding systems. J Prosthet Dent. 1996. 75(2): 163-8. 
 
23. Ozcan M, Vallitu PK. Effect of surface conditioning methods on the bond strength 
of luting cement to ceramics. Dent Mater. 2003; 19(8): 725-31. 
 
24. Kumbuloglu O, Lassila LV, User A, Toksavul S, Vallittu PK. Shear bond strength of 
composite resin cements to lithium disilicate ceramics. J Oral Rehabil. 2005; 32(2): 
128-33. 
 
25. Lin CT, Lee SY, Keh ES, Dong DR, Huang HM, Shih YH Influence of silanization 
and filler fraction on aged dental composites. J Oral Rehabil. 2000; 27(11): 919-26. 
 
19 
 
26. Matinlinna JP, Lassila LV, Ozcan M, Yli-Urpo A, Vallittu PK. An introduction to 
silanes and their clinical applications in dentistry.  Int J Prosthodont. 2004; 17(2): 
155-64. 
 
27. Papacchini F, Monticelli F, Hasa I, Radovic I, Fabianelli A, Polimeni A, Ferrari M. 
Effect of air-drying temperature on the effectiveness of silane primers and coupling 
blends in the repair of a microhybrid resin composite. J Adhes Dent. 2007; 9(4): 
391-7. 
 
28. Bühler-Zemp P. IPS Empress Esthetic – Scientific Documentation. 2004; Ivoclar 
Vivadent AG, Schaan, Liechtenstein. 
 
29. Pazin MC, Moraes RR, Gonçalves LS, Borges GA, Sinhoreti MA, Correr-Sobrinho 
L. Effects of ceramic thickness and curing unit on light transmission through 
leucite-reinforced material and polymerization of dual-cured luting agent. J Oral 
Sci. 2008 Jun; 50(2): 131-6. 
 
30. Dos Santos VH, Griza S, de Moraes RR, Faria-E-Silva AL. Bond strength of self-
adhesive resin cements to composite submited to diferent surface pretreatments. 
Restor Dent Endod. 2014 Feb;39(1):12-6. 
 
31. Breeding LC, Dixon DL, Caughman WF. The curing potential of light-activated 
composite resin luting agents. J Prosth Dent 1991;65:512-8. 
 
32. Placido E, Meira JB, Lima RG, Muench A, Souza RM, Ballester RY. Shear versus 
micro-shear bond strength test: A finite element stress analysis. Dent Mater. 2007 
Sep;23(9):1086-92. 
 
33. Halvorson RH, Erickson RL, Davidson CL. Energy dependent of rein-based 
composite. Dent Mater. 2002 18. 
 
34. Höland W, Schweiger M, Frank M, Rheinberger V. A comparison of the 
microstruture and properties of IPS Empress®2 and the IPS Empress® 
glassceramics. J Biomed Mater Res 2000; 53: 297-303. 
 
35. Heffernan MJ, Aquilino SA, Diaz-Arnold AM, Haselton DR, Stanford CM, Vargas 
MA. Relative translucency of six all-ceramic systems. Part I: core materials. J 
Prosthet Dent 2002;88: 4-9. 
 
20 
 
36. Runnacles P, Correr GM, Baratto F,Gonzaga CC, Furuse, AY. Degree of 
conversion of a resin cement light-cured through ceramic veneers of different 
thickness and types. Braz dent J. 2014;25(1):38-42. 
 
37. Rassetto FH, Driscoll CF, Prestipino V, Masri R, VonFraunhofer JA. Light 
transmission throgh all-cermic dental materials: a pilot study. J Prosdthet Dent 
2004;91:441-6. 
 
38. Burgess JO, Ghuman T, Cackir D. Self-adhesive resin cements. J Esthet Restor 
Dent. 2008 Dec;22(6):412-9. 
 
39. Abo-Hamar SE1, Hiller KA, Jung H, Federlin M, Friedl KH, Schmalz G. Bond 
strength of a new universal self-adhesive resin luting cement to dentin and enamel. 
Clin Oral Investig. 2005 Sep;9(3):161-7. 
 
40. Yoshida K, Greener EH. Effect of photoinitiator on degree of conversion of unfilled 
light-cured resin. J Dent 1994;22:296-9. 
 
41. Zorzin J, Belli R, Wagner A, Petschelt A, Lohbauer U. Self-adhesive resin cements: 
adhesive performance to indirect restorative ceramics. J Adhes Dent. 2014 
Dec;16(6):541-6. 
 
 
 
 
 
 
 
 
 
21 
 
CONCLUSÃO 
 
 Com base nos resultados obtidos neste estudo in vitro, pode-se 
concluir que: 
1. A fotoativação de dois agentes de cimentação resinosos, convencional e 
autoadesivo, através de diferentes espessuras de cerâmica reforçadas, 
não tiveram diferenças estatísticas significativas no teste de micro-
cisalhamento. 
2. O cimento resinoso convencional teve melhor desempenho nos testes, 
que o cimento autoadesivo. 
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APENDICE 1 
 
                           
 
 
      
 
 
    
 
 
Fig 1. Inclusão das matrizes de acrílico  Fig 2. Inclusão das matrizes de acrílico  
Fig 3.  Inserção da pastilha  de cerâmica Fig 4.  Inicio do ciclo de prensagem 
Fig 5.  Fim do ciclo de prensagem Fig 6.  Desinclusão com jato de óxido de 
alumínio 
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Fig 7. Discos separados em três grupos. 
Espessuras de 0,7; 1,4; 2,0 mm 
Fig 8.  Preparação das amostras 
Fig 9.  Fotoativação através da cerâmica Fig 10.  Amostras prontas de Variolink II 
(Esquerda) e RelyX U200 (direita) 
Fig 11.  Teste de microcisalhamento Fig 12.  Teste de microcisalhamento 
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Fig 13.  Amostras após o teste Fig 14.  Fratura do disco após teste (FS) 
